Objectives: The purpose of this in-vitro study was to compare shaping ability of NiTi rotary Mtwo and FlexMaster with stainless steel hand K-Flexofile in simulated curved root canals. Study Design: Forty-five simulated canals in resin blocks were prepared with Mtwo, FlexMaster and stainless steel hand K-Flexofile (15 blocks in each group). Using pre-and post-instrumentation images, straightening of the canal curvature was determined with a computer image analysis program. Material removal was measured at 5 measuring points, beginning 1 mm from the apex. Changes of working length (WL) were also recorded. The data were analyzed statistically using paired T-test and one way ANOVA. Results: The mean material removal from the inner canal wall was different from the outer canal wall at all measuring points for each system (p < 0.0001) except for FlexMaster at WL-9 (p = 0.123) and K-Flexofile at WL-5 (p = 0.093). The mean ratio of material removal (inner/outer) at all measuring points was different for all systems except for FlexMaster and Mtwo at 3, 5 mm (p = 0.984, p = 0.242), and K-Flexofile and rotary systems at 1, 3 mm from the apex (p = 0.565, p = 0.218) (p = 0.794, p = 0.693). A mean loss of working length of 0.02 mm for Mtwo and 0.01 mm for FlexMaster and K-Flexofile was measured although the difference was not significant. Conclusions: In the apical points of the curvature (1, 3 mm), there was no significant difference between three systems. At point 5mm from the apex, K-Flexofile remained better centered, while in the coronal points (7, 9 mm) NiTi rotary systems achieved better canal geometry.
Introduction
One of the most important principles of shaping the root canal system is to maintain the original canal anatomy during a continuously tapering preparation. Over the past decade, many instruments, devices and instrumentation techniques have been introduced to achieve this goal. A number of studies have demonstrated that the NiTi rotary instruments allow more rapid, more conservative, rounder canal shaping and better cleaning than hand instruments (1) (2) (3) (4) . Thus, rotary preparation of the canal system has gained more attention than traditional hand instrumentation as for the cleaning and shaping of the root canal system. The purpose of this study was to compare the shaping ability of two new NiTi rotary systems with a stainless steel hand file in simulated curved root canals.
The new Mtwo instruments (VDW, Munich, Germany) should be used in a single length technique. That means that all files of the instrumentation sequence should be used to the full length of the root canal. Mtwo instruments have an S-shaped cross-sectional design and a non-cutting safety tip. These instruments have a positive rake angle with two cutting edges, which are claimed to cut dentine effectively. Moreover, Mtwo instruments have an increasing pitch length from the tip to the shaft. This design is alleged to have two functions: (a) to eliminate threading and binding in continuous rotation and (b) to reduce the transportation of debris towards the apex. The basic series of Mtwo instruments comprises eight instruments with tapers ranging between 4% and 7% and sizes from 10 to 40 (5) . Shaping ability of rotary Mtwo system has been compared with several NiTi rotary instruments (5, 6) . However, there is no published research to compare shaping ability of NiTi rotary Mtwo with stainless steel hand KFlexofile and NiTi rotary Flex Master. The Flex Master instruments (VDW, Munich, Germany) are made of 55-nitinol, with cutting edges machined into a round blank, resulting in a convex cross-section that is characterized by three equally spaced cutting edge, which are very similar to k-type blades. The instrument does not have radial lands or U-shaped blades. The Flex Master instruments have flattened non-cutting tips and a rounded transitional angle (3). The manufacturer recommends enlarging that root canals with these instruments using the crown-down technique. K-Flexofiles were selected as stainless steel hand instruments, because these files also have a non-cutting tip without transition angle and a number of NiTi rotary systems were compared with these files in previous studies (3, 4) . Thus, the primary aim of this in-vitro study was to compare shaping ability of NiTi rotary Mtwo and Flex Master with stainless steel hand K-Flexofile in simulated curved root canals. The second aim was to compare shaping ability of NiTi rotary Mtwo with FlexMaster system.
Material and Methods
Simulated curved canals made of clear polyester resin (VDW, Munich, Germany) with 35 o Schneider angle were used to assess instrumentation according to previously described method (3, 5) . The radius of curvature was calculated about 7.8 mm. The diameter and the taper of all simulated canals were equivalent to an ISO standard size 15 root canal instrument. Canals were 19 mm long, the straight part being 5 mm and the curved part 7 mm. Prior to instrumentation, one of the root canal walls of the simulated canals were colored by inserting blue pelikan ink (Pelikan, Hanover, Germany). Pre-instrumentation canal shape was taken in a standardized manner using a Nikon 801s camera and stored in a computer. The specimens were divided into three experimental groups (n=15). The simulated canals were prepared with either Mtwo, FlexMaster or hand K-Flexofile instruments. Glycerin was used as lubricant, and a total of 10 ml normal saline was used repeatedly after the use of each instrument. Each instrument was used to enlarge five canals only. These five blocks were defined as a set. The order of use of the three instrument types within a set was rotated. Canals were prepared by an operator experienced in preparation with the different types of instrument. Only five resin blocks were instrumented at a time to minimize operator fatigue and bias towards one of the three instrumentation techniques. Rotary instruments were set into permanent rotation with a 4:1 reduction handpiece (Nakamura Dental MFG, Japan) powered by a torque-limited electric motor (Endo IT motor; VDW, Munich, Germany). For each file the individual torque limit and rotational speed programmed in the file library of the Endo IT motor were used. All canals were enlarged to an apical size of 30 according to the manufacturer's instructions. The following instrumentation sequence was used with different instruments: All Mtwo instruments were used to the full length of the canals using a gentle in-and-out motion. The instrumentation sequence was: 10/0.04 (WL), 15/0.05 (WL), 20/0.06 (WL), 25/0.06 (WL), 30/0.05 (WL). Once the instrument had achieved the end of the canal and had rotated freely, it was removed. All Flex Master instruments were used in a crown down manner using a gentle in-and-out motion. Instruments were withdrawn when resistance was felt and changed All canals were colored after canal preparation and postinstrumentation images were provided and scanned. Superimposition of pre-and post-instrumentation scanned images was aided by three holes placed in the sides of resin blocks. The amount of resin removal or the difference between the canal configuration before and after instrumentation was determined both for the inner and outer side of the curvature in 1,3,5,7,9 mm from the apical ending of the canal using the Photoshop 5 program. Measurement of the canals was carried out by a second examiner who was unaware of the experimental groups. Changes of working length were determined by subtracting the final length of each canal after preparation from the original length (19 mm).
The data were analyzed by using one way ANOVA and Tukey HSD test. The level of statistical significance was set at p<0.05.
Results
During preparation of the canals, only one stainlesssteel hand K-Flexofile fractured. Therefore, the following results are based on the remaining 14 canals in stainless steel hand K-Flexofile group and 15 canals for each rotary group. The mean amount of material removal from the outer and the inner side of the curvature is shown in table 1. Statistical analysis using paired T-test showed that the mean material removal from the inner canal wall was different from the outer canal wall at all Table 1 . Mean and standard deviation of the material removed (mm) from inner and outer canal walls at different measuring points. Table 2 . Mean and standard deviation of the inner/outer material removed (mm) at different measuring points.
Instrument
Wall The one way ANOVA test revealed that there was a significant difference between the mean ratios of material removal (inner/outer) among the three systems at all measuring points except for WL-3 mm (p = 0.693) ( Table 2 ). Tukey HSD test showed that the mean ratio of material removal at all measuring points was different for all systems except for FlexMaster and 
Discussion
In the present study, standard resin blocks were used for evaluating the shaping ability of the instruments. Using standard resin blocks under strictly controlled laboratory conditions allow a direct comparison of the shaping ability of different instruments (7). Canal shape, size, taper and curvature are standardized in resin blocks and their advantages have been extensively discussed (8) . However, the use of simulated canals in resin blocks does not reflect the action of the instrument in root canal of real teeth because of the differences in the surface texture, hardness and cross-section (7) . When comparing the shaping abilities of different preparation techniques or different root canal instruments, it is important to have a similar apical preparation diameter (9) . Thus, in this study the master apical file or the final apical preparation diameter was considered similar for all experimental groups (a size of 30). According to the results of the present study, all systems removed more material on the outer side of the curvature in the apical 1-3 mm from the apex. Previously published reports (10) (11) (12) have also confirmed that any instrument in a curved canal always tries to straighten itself. It therefore cuts straight ahead and does most of its work removing material on the outside of the curve in the apical region. The mean material removal from the inner to outer canal walls for K-Flexofile system at point 5 mm from the apex showed statistically significant difference with rotary systems. In another words, stainless-steel hand K-Flexofile remained better centered at this level than rotary instruments. This may be owing to the root canal preparation with instruments of greater taper, because they are stiffer compared with those of ISO taper (2, 13) . In the coronal 7 and 9 mm level, hand Flexofile system removed significantly more material from the inner canal wall than both rotary systems. Schäfer et al. showed that with the exception of three measuring points, significant differences occurred between these two different instruments and canals prepared with FlexMaster instruments remained better centered compared with those enlarged with KFlexofiles (3). Furthermore, the results of several studies concerning the shaping ability of different rotary nickel-titanium instruments and stainless steel hand files were different. Using either resin blocks or extracted human teeth, several studies reported no significant differences between NiTi rotary and stainless steel files (14, 15) while others showed that NiTi rotary instruments provided better canal shaping (1) (2) (3) (4) . Different results obtained with the same instruments and techniques may be owing to variables such as operators and their experiences, the characteristics of the samples, study design and the limitations of the used techniques for evaluating shaping ability.
In addition, our results showed that FlexMaster instruments created a gradual constant transportation toward the outer aspect of the curvature in all measuring points and remained more centered at 9 mm from the apex. There was no significant difference between shaping ability of NiTi rotary Mtwo and FlexMaster system except for point WL-1. The NiTi rotary Mtwo system acts better than FlexMaster system at point 1mm from the apex. This finding can not be compared with the existing data because so far no published reports on the cleaning efficacy of Mtwo versus FlexMaster instruments are available. In this study, it was possible to control the working distance well in all experimental groups. This finding has been confirmed with several observations (2, 5, 13, 16) .
